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Pmvssbnal Pat^ Ap|£cation 
Of 

TaiunMiIick; RamgopdNair, SudMrK. Dutta^ and FadmanabhaaP.Nair 

for 

Tttle: Miniattoe fi^GEsnsLE Imaging Capsule 

^ FieM of the Invents on 

£3 

li. This invention relates to methods of imagiz^ the gastrorotestinal tract for medical di- 

g 5 agoods. More specificalfy this mventioR idates to noiunvaszv«^ nonizxterveottonal 

^ CDethods for intemal examinalion of the gastromtestinal tract that are novd, dgnifi- 

□ caatty moxe convemep^ cQni£>rtable^ bwer in cost and more advanced compared Tvith 

^ current ittva^e tiiethods such as coloooscopy^ sigmaidoscopy, esophagogastroduode- 

i^' noscopy and push enteroscopy, 

35- 10 ■ 
□ 


PS 


Backgroxmd of the Inventiofl 

The mammalian gastroiotesdnal tract comprises the esophagus^ stomach, small iotes- 
tmc, and colon. Physicians Image the nitedor of the gastrointestinal tract to aid in the 
diagnosis and treatment of many illnesses sadb as ulcers, growths^ cancers and bleeding 
15 spots. More $pedfical(y these condltioiis indude colorectal cancer» colomc polypo^ 

infiamnoatioxy bowd disease irritable bowel syndrome^ Barrett's esophagus, peptic ul- 
cer disease, and dyspepsia. 

Heart bum and indige^on afiSicts over 15 million Ameiicans> frequently mlnuddng 
20 heart attack. Colorectal cancer» &r example, is the 2nd leading cause of cancer death 

in the United States, with 133,500 new cases detected in 1996, 54,900 (41%) of 
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whidi resulted in death [1]. Survival lates improve, and 'b^atmcnt costs decline with 
eariy detecdon of the process [2,3]. EEowewer, regular ficreening for cobrectal cancer 
is not pexfonncd for the vast m^onty of the populace due to the high cost of sudi 

25 programs and toore importantly the rehictance of a healtl^ population at xisk to unr 

deigo an bvasive procedure again aiid agak &r surveillBnoe aga^ As aresuh 
over two-thards of patients are diagnosed with advanced disease [4], Jhc only low-cost 
notumr^fflve screeiung tests for cdorectal cancer are fecal occuH blood tests, V9)oaxAi 
look the presence offecal occult blood in stodfipedmem. These te^ exhibit poor 

30 sensitivity due to the ^ that zoa^^ant growths of the colon have to he &triy large 

hdare they start to bleed. Purthennore, there are many other reasons for bleeding mto 

^ the GI tract (eg. Ulcers) v^ch lead to low specificity of the test and a high probabTity 

offilse positives [5,6]. Even with the poor chaiacteristicg of fecal occult blood tests, 

G the Amencaa Cacc^ Society estimated that the regular use of the test in men over age 

^ 35 50 could produce a isyprtductiojn in mortality [1]. 
n 

^ Mote sophisticated flj^^roaches sudi as cobnoscopy and related gastrointestiAal Imag- 

^ ing methods, namely, dgnaoidoscopy and esophagogastroduodenoscopy, are more ef; 


lAgemy for Health C^ePoliJ7&R£seardi(AHCPK)i2eJc^ 1997. 
% Bicown, MX. aod Bntc^v, L. Ihe cconomiD burden of cancer. Jn GxemwaM, F, Kramer, 

B.S., and Weed, DX., eds Qmcer Prevention and Control. New Yodi; Marcel Decksr, pp 

69-81, 1995, 

3 Healthy People 2000: Nutritional Health Promotion and Disease Prevetttion Objec- 
tives. U.S. Department of Hcfilrh and Human Services, PubBc Health Service, 
DHHS Publication oo. (PHS) 91-50212, p.423, 1991. 

4 Eddy, D^. Soresmng of cqtoicctal csiicer ^ M Med, U3i373, 1990 

5 Eisner, MS., and Lewis, JA. Biagizostie )ricJd of positive FOBT found on digital rectal exr 
mhistjifysijirdiint Med 1513180, 1991. 

€ Rockey, D.C, Koch, J., CcUcs,J, Saudefs* L.L., McQuaid, K. Relative Frequency of 
Upper Gastrointesdnal aiid Colonic Lesions in Patienis with PositivB F«al OccOlt-Blood Tests. 
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fective because they can identify abnQniia!itie$ before the oocuirence of late^stagc 
40 Gyii:^tojn$ (e.g^ bteod m the stoob for colonic nunors or tany stools for peptic ul- 

ceis). Hbfwever» for the fbllotdog reasons; these methods se^ 

1. They are im^ve and utttomfi^rtaUe to the patient. leqiMig sedation 
so that a flexible fiberoptic tube can be insoted anto the tract. litis is 

45 a iDa|or timitation of these tests in their sppHcation to heahihy 

asymptomajdc indi:viduals &r repe&ted ejcammations (every 1 - 
3years). 

2. In addition these tests are escpeosive with an £cm^ cost of colonofr' 

^ copy of $12S0/case»ieqiunng the presence of a physician and other 

Q 

50 pcrsonndL 


Q 3. Ihe^ are inconvenieixt, requinng the patient to take a puj^gativ^ 

H 

g Ibis there is a medical and ecommc benefit for an ine3^>eD8h^ noninvasive, numa- 

^ 5S ture> ingestible imaging device that allows the patient to use the device while stili per- 

fbrmmg nom^ actMties of daity Eving^ Fur^iennore it would eliminate the need of 
Q highly trained personnel for its operation. The market for such a device is huge. In 

light of the cost of cunent imagiAg methods (and their subsequent linnted and 
late-stage application), hospitalsy dinical laboratoiies, HMO's. \iM be eager to employ 
60 these devices as a cost-containment sliate^. 


Descriptioti of Prior Art 

CoIonoscQpy 

The most common (Sagnostic procedure for cobnic examination is colonoscopy. This 
65 procedure mvdves the optical eymninatinn of the enih-e colon using a device known as 

a colonoscope. A colonosoope comprises a flexibie tube containing a fiber optic im- 
agpuig and.tnuminatzx^ de^ce and a device to resect portions cf the surface of ih& in- 
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testinal tract The oolonoscope i$ inserted inio the rectum an^ 

the ileo-cecal junction (the stait of the colon). The operHtor vijQWS the image oil a 

70 video display. The inedical tem perfomdng tios piocedure usuaHy 

troenterologist, spedal^ trained nurses and at times and anesthe^c^^i^ Polyps (tu- 
mors) are identified visually and biopsied. If escanuoation erf tl» spedmen reveals ma- 
n^ancy^ a suisical team resects the t^egions «oiitamiz$ the tomors Usually, i^s is 
fblbwed by a period of cheooothec^y, admimstezed to fi^ unobserved or secondary 

75 tumors; anmaal cobnoscoito nosy be prescribed. Considering the cost of the colo- 

noscopy alone ($800 niininium), a yearly colonoscopy for all patients over age 48 for 
instance, would be prohitutively expen^ve. Cdanoscopy for asymptomatic patients is 
seldom prescribed. 

P 

hi 

p 80 Sigmoidoscopy 

^ The sigmoidoscope is a stnular to a colonosoope, but can only be used to fanage only 

Q the lo^ 2/3 of lihe colon. Although angler than a colonoscope, its operation still 

Q requires the presence of a highly trained physician aiKlolffcen requires sedation. 

m 

^ S5 EsophagDgastrodnodenoscopy 

p The esopbagogastroduodenoscDpe is used to image the upper gastrointestinal tract- 

namefy the esophagus^ the stoitiach and the* dnodemim. It is inserted through the 
mouth. Again, its opei^on requires the presence of a hig^y trained phy^cian and 
afien requires sedatioa 


90 


95 


Fash Enteroscopy 

The push enteroscope is used to image the thizd and iburth portions of the duodenum 
and the proimial j^umim. It is inserted through the mouth. Its operation requires the 
presence of a highly trained phy^caan and requires sedation. 

Non-tethered Devices 

The present invention is a type of con-tethcrcd device that is ingested by the patient. 
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thereby pas&ng throu^ the entire gastrointestiDal tcact, sending images and data 
through a telem^mean^ There sie several prior systeins that use an mgesdble de^ 
100 vice to provide data on the iotemai st^te of a patient The Heiddberg capsule rdays 

pHinfQimaticmthnnighaiadio&equeiLcy(Rf)l^ medicameait on a 

signal torn an exxmsti txassmttter. The Konigsberg capsule momtora temperature 
aodusesaKPUok. XheCortemppillTf^uf^iscommeidally^rvaU^ 
monitors the body tempeiamre; bat uses a oear-fieid magnetic Hsk. 

105 

Kdevant U^. Patents: 

4&44C76 - temperature mOiuCoring piQ 

5279607 - tnggered nsedicamcnt release + tracking 

U S415IS1- multichannel impkntahle modulation circuit 

IB 

Q 110 5279607 -telemetry capsule and process 

^ 54S1 262 - implantable transponder - toc^erature 

p 58271 90 - endoscope havii^ an integrated CCD sensor 

^ ' 5S42977 - uniitLchamiel piU vdthintesrated optical inter&ce 

nj 

□ 115 Summary of thelnvftntion 

This invention b a nnniatuie nonrd^estiMe c^sule^ ingestible by a human or other 
animal, comprising an impermeable mcmhrane, a transparent window, an imagios de- 
vice^ a pose detector^ a telemetiy devicesi and a power supply, and an external unit' 
comprising a data reception device^ a recording device, and a pose reference frame. 
120 Lagested fay a patient, the capsule vnU. pass through the entire gastroiittestiAal tra<^ of 

the patient, providing real-time dioimfeientifll ima£^ of the esoph^s, stomach, 
small intestine;, and colon, i^iich can be viewed and recorded by the phy^dan. The 
capsule exits the patient through the rectum. The device can cither be discarded or 
reused fay i«pladng the memhmne, 

125 

A minialure color imag^lg device, such as a CCD airay and lens, and an ilbminatxon 
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device; such u an EjGeB diode msy or similar low-power wlnte fight source provide 
rea^-tiioe color Images of the gastroiiitestii^ tract The unsgs is transmitted la real- 
time by & fdemetry device, such as a xmnistui^ 
130 nal reception device; snidk as a televi^on moiutor and a recording means, sucb as a' 

video cassette recorder. Tht capsule may be we^gbted in such a ^vsy as to maintdn a 
particular orieatatxaa In the stomacL In ^muhaneous operalion with the imagbig sy^ 
tern is a 5 degre&-of-£ftedom pose detection device that calculates the leal-timB pose 
of the capsule; thus traddng the device through patient's body relative to a &ced ex,- 
135 teroal reference frame, that may be sti^pped to the parent's abdomen. In one ar^ 

xangeinent» this de^dco is a passive beacon viiaxix is tracked by an externa] detector 
^ strapped to t2ie patient's body, which leiays pose data that is correlated irith received 

video data by a computec Ahemativdy the pose detector may be an active device 
Q whose data is either natltcplexed with the image data prior to transmission or Is sent on 

^ 1^0 a second channel of the telemetry device. An electric power source such as a lithium 

S battery provides sufficient eneisy to power all the component devices for a time period 

^ ofat least 72 hours^ the znaximimi transit time for the gastrointestinal tract (Hieaver- 

2 age transit tune IS 4S hours, with a range of24 to 72 hours.) 

Q 145 Note that the pose detector is not absohitdy necessary for the successful use of this 

device; a tramed pbysidan will KkeJy be able to infer the approximate location of a 
given image torn its appearance and the time it is recorded (since the range of transit 
times through the parts of the tract are weQ documented). 


150 In another fomi, tfie capsule includes a reception capabifity, such as a fadio-:&equency 

receiver, and an intemal micmprQcessor that allows instructiQns to be rdayed &om the 
physician to the capsule, ^niatixre motors allow the imaging system to be reoriented, 
or provide some form of controlled mobility. An espandabte bladder attached to csp- 
suid can be escpanded to stabilize the capsule or slow its motion through the tract ' The 

155 system may also indude on-board signal processing drcuitiy to automatically stabilize 

the image. Alternatively a nucro-machined mechardcal stabilizatiQii platform can be 
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bu3t into the ima^g system. The hnftgmg system may also indude a meaiu such as & 
piisiii or fiberoptic dev^ce^ to direct ttmhiple images onto the imaging device 

160 Wehavebuihal:S scale prototype capsukusn^ofi^^ Iliesys- * 

ted incorporates a 1/3" CCD ^eo earners, a Hght source, an UHF video tiaosmltter 
witliaiiteaiiay and a lithioni battery power supply. Even smaller CCD cameras are cur- 
reutty available ofiT-^he-sheli^ such85thol/<r array Texas Ia5trtunen£5TC211 192 
ptxA by 1 65 pixel sensor, which costs about $25/unI4 for 100-999 units for the imager 

165 alone. 

Brief DesCTiption of tfife Drawings 
1^ Figure lisadi^ramsbowisigthemamooc^QnentsaDdffl 

m 

figure 2 is an exploded view of the capsule. 

^ .nr. 


Figure 3 is a perspective and sectional view of the capsule ^dth an external lens. 
^ Figure 4 is a perspective 'view of the capsule Tvith an internal lens and a transparent 

175 


5 window in the metnibrane. 


ISO 


Figure 5 is a perspective and capsule an intCTDal lens and a flat transparent win- 
dow in the membrane. 

Figure 6 is a &gram of the external components of the syston. 

Detailed Description of the Drawings 

^efeni^g to Figure 1, an illununator inside the capsule projects light into the gastro- 
intestinal tract. Images enter the capsule through an imaging system, ]rojA]}^sig on an 
imagipg array, the signal from which is then transmitted to a recdver outside of the 
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1S5 capsule. A power soxace inside the capsule provides power to the imggin^ array, 

traDsmitter, and iSmmnator. Iha data fioni the receiver is then relayed to a recotdiog 
aod ^spl^ device; Simultaneously, a pose detecttOQ system trades a beacoa located 
iDsde the capsale and rdays liackiii^ in£bnnai3Qn to the recorcfiogAdispky system. 

190 Ke&rdng to Figure 2, the capsule comprises an anterior membcane 1 through 

images are viewed, a lens 2, and Hhimmation dence 3 (comprising a Ifgbt source and 
projection mem}^ an ImagZZS &nay 4, transmitter 5^ a pose beacon 6^ a power soum 
f, and a postedor membrane/antenna 8. 

^ 195 Capralc 

w 

Tbe anterior capsule I is made of a noa-alleigenlc^ non^gestible, ix&per^s material 

^ with at least ozie transparent window or opeiuQg for the lens 1. The posterior capsule S 

^ ia ako made of a non-allergenic nomfigestible impervious mateiiBl, and may include an 

P integrated antemta for the trausmittei'. 
^200 

^ Leas/bnas^g System 

\ The lens 2 may be mounted behind a transparent window in the csqpsule, or it may be 

L 

I mounted m an openiAg in the capsule so that its front suc&ce is exposed to the ont^de. 

205 Regardipg the design of tiie l«is 2, they're a several options; Possible candidates are a 

plastic or glass lens, & pri$m or a £ber optic bundle;. One advantage of a £ber optic 
bundle is that its ^nt end can be designed to image several views of the external envi- 
nmment, thus produdng a compoate image on the array plane. The £)cal length of the 
iniagiz^ system zmist be sm^ enough to acMeve infinite fbcus at appiD^^ 1 mm. 
210 Oite advantage of an mtetnal lens is that the lens can be mounted at an optimal distance 

to TTiginfflhi focus. 

Figure 3 shows a capsule with an extendi lens 9. The &ont sur&ce of 1^ lens is ex- 
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posed to the external environment. In case the desired Ifins m^erial is not ideal fbr 

215 Ihmtingflwdadherencey ^ch that Suids may 

quality. It may be that a traosparent window is a prefbcted mediod. Figiire 4 shows a 
capsule xnfh an internal \ens and a tranf^arent ^nndovr 10 in the anterior end of the 
capsule. The transparent ixmidow shoold be made of a material to vriash mucous and 
other biological tnatetials wiQ not adhcrei An a^ dtfon ^'i advantage of an internal Iw 

220 desigti is ^ the lens can be imnimed at ail optuxsl distance to ma^ Figorc 

5 showa a capsule mth an internal lens and a flat trnzupar^ 11 lAtfaejnem- 

brane. 


^ Camera 

U 225 . Ilefemng bade to Figure 2, for the camera 4 the 6ui^)le8t and most COR 
^ agm^ system is the CCD (charge-coupled device) aiiay. Color V** CCD azrays can be 

purchased for under 5 lOOUS. It may he nec«saiy to prowde sKdding for the CCD 
□ airay to prevent interfei^cfi from the transmitter. A slightly ovemsed CCD array 

g plus digital signal processor (DSP) circuitry can be indnded to allow real-dme stabiK- 

^ 230 nation of the itt^ge, by thne-correladng a series of hnages from the overazed array to 

CS ' elitmnate image blur and shake dectrotically. New micromaxshining technologies may 

p be included in the anr^itselfto provide nn^ stabilization^ These devices would es- 

sentia^ incotporate a pasave or active damping sys^ To 
maximize space fbr adriitfnnal dfcuttry such as a DSP for on-board image processing, 
235 signal muhiplBxbg and agnal encoding can be constructed on flesble drcuh board 

that can wrap drcumferentially aroxiDLd the inside of the capsule. 


Light Source 

The spedEcatlon of ^e light source 3 defends to a certain extent on the choice of ^n- 
240 ^ging array. The use of a !ow-bjc imaging array obviates the need for a high-power 

light sourceL The source should approximate a white light source so th&t % color image 
can be obtained. Miethods fbr produciDg a white light source at very low power in- 
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^de 3-diode source, moi:ganic IHDs, and &D-cQlor organic dectrDluimxiesceiit 
sources Figure 2 shows a toroidaUy shaped source backed by a ring-seau-paraboSc 
245 ffiiiror, both concentric ^vith the Im^gmg Tvmdow/leii9, 

Pose Detector 

The pose detector/beacon 5 pro^des a usefid auxiliary piece of io&nnatioii, the real- 
time po^on of the c^solerda^ to the patient's body. ThaftinformadonimUtiiml- 
250 nate the <£scoiu£brt of a tedier or the guesswork necessary in pinpdiiting the locatloa 

of abnonnality by ample visual exanunation of the video or by time4xacldDg the video. 
There currently exist several proven methods to detennine the 6 degree^-fireedom 

§1 pose of a icniote object; most o^a used in robotics to track mobile robots or to dig- 
Q 

1^ itize human movemetntfi, fbr exanxple ift haind-tracking and hsad-traddng controllers. 

^ 255 These dences use a ]RF or EM beacon that reflects dgnals &om an externally £xed 

tfi transnutter, somewhat like a nmnaHire radar system. Distances are typically Izmxted to 

01 

r;^ a few meters cabic,wHchMweU within the specifications for this devica The tea- 

^ cons themselves are generally passive devices, hence \viil not draw power from the on-' 

board battery. Bxteroal stations that can be strapped or behed to the patient provide 
^ 260 the ^gttal sources. Grven the recorded time-space trackmg infoonatLon, there are nu- 

Q merous v^ys to devdop a correspondence between the video Images and the parent's 

internal structures. For example^ a computer can overlay the fim&-p8rametrxsed spacer 
path of the pill on an image based on a CAT scan or MRI of the patient, or over a 
cQmputer-generated model based on the parent's body and shape. The -video can 
265 than be synchronized vnth the pill's motion on the computer screen. 

Transceiver 

In its sim^^est embodimeot, this device reqtnres ody a transmitter 5 rather than a 
transceiver. The samplfist approach is to use a miniature ampBtude modulation (AM) 
270 video transmitter in the 400!MHizi-1.5Gh2 re^on. Other standard transmisdon method^ 

include firequeacy modulatfon (FMX pulse-code modulation (PCM), and £:equency 


10 
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shift (FSK), For more complex mMgemaits, m oii4)oani recw 
the base station to commumcate imth the plO. 

275 Power Source 

The power source 7. is a device of relatively Hgji emgy density, capable of lO's of 
iTiA in the 0.5-9V range (these mnnbcrs are for the ourent cocunerdally available 
CCDandBFdevicesy The pow source nmstjStiividih^ 

of the pill, ^jprosdnstety 1/3 cc, snd must lun the de^ce for 72 hours at the body 
280 temperature (approamatety 37 'Q. The primary draw win probably* be the ^ght 

source Allowed by the trm^mittBr and the ima^ng syscem. Adc£tionaily, the nature of 
^ the imager xviH determine the amount of Hght necessary to provide the desired iirage 

1^ quanty; confer &rexam|^ that cmrent ofi^the-^ie}f CCD arrays operate down to 

S 0.1 hix. 

S the shelf 1/3'' CCD board-oameras have power reqimements in the range of 50- 


200inAat9VDC However a pc«ion of tKs reqMemem is the Ime driven ^ 
enables the output signal to be sent on a long coa)dal cable (eg, 60*+). Shoe a fine 


m • 

Q 

53 driver is not a requinement for this dewce, we can expect a much lower current re- 

S 

g 290 quirerafint Off-th&.siielf video traasmittera require approximatBly 50 mA current at 

9V. These devices however, transmit signals at a design distance of lOO-SOO', Hence 
our xequirements will require a much lower power device. 


The battery may also be desired to act as the ballast to orient the m the stomach. 
295 In other words, the batteiy will be situated to the posterior of the capsule. 

The following f ahle fists Iithuim battery types currently used in implantable biomedical 
applications: 


300 
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Battery Type 

Camni AppEcatioti 

Lxduum Iodine 

These are currently used in izi2plaiiia.ble cardiac pacemalceFs: 
xDloioaixip range over long periods, a 4mm thick 1 0mm ladius 
^3C has an volume of 400 mArbrs. 


Lithium SHver Used in both high amperage applications (eg., defibrillator) 
Vanadium Oxide and medium amperage appHcadon^ (eg., neurostltnulatcrs), 
Ctoent of 50 mA conttraunu^ 


Ijthhirw Cfiibon Used ii^ medium amperage appBcations such as neufostitnu- 
Monofluoidde latorsand drug infiiston pumps 


Tlie battery wiUincMe some form of integrated OHK^s^ch for the pi^ activated 
fer example by twistmg the posterior capsule with respect to the antenoi capsule, or 
similar method that ^ not be acddentaUy actuated ^ the peiistalsis of the gut 

Ezcemal Components 

RfifeniDg back to Figure 1, there are several extetnal components to the escteraal sta- 
tion 12. The basic system only requires a vidra reefer 13 to capture the image tti- 
fbimation. Moje cozxqilex design mUiachide a transmitter in the external sta^ 
lecetvcriuthe pi!I» enablii^ the external cootroller to transnnt instructions to the {nil it* 
sd[£ The pose base station 14 is a powered device that produces an signal or EM 
field that allows the pill's beacon to be tracked. The de^noecau be strapped to the pa- 
tient's body. The pose data can be read fay the computer IS and conelated Tvith the 
image data. The computer 15 may be used to r«xrd and integrate the image and pose 
data and data from other sources such as a CAT scan or MR^ and produce a useful 
display 1$ for the physician. 


12 
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A SYSTEM AND METHOD FOR POST SURGERY MONITORING 


FIELD OF THE INVENTION 

The present invention relates to post surgery monitoring. More 
6 specifically, the present invention relates to a system and method for post 
surgery monitoring which utilize an imaging 6e\nce at the surgery site during the 
critical post surgery hours. 


BACKGROUND OF THE INVENTION 

10 In the time immedrately after surgery patients frequently experience 

organ functional problems. 

For example, during surgery in the gastrointestinal tract the blood 
pressure at the vicinity of the surgical site fe reduced and peristalsis ts arrested. 
After surgery the blood pressure Increases and peristalsis fs resumed 

15 sometimes causing bleeding from the surgical site into the intestine lumen. 

Also, for example, in treating coronary artery disease, rt is sometimes 
necessary to bypass coronary arteries with a vascular graft which is surgically 
attached to the heart to drcumvent a blocked coronary artery. After surgery 
cardiac functional problems may occur due to build-up of stenotic lesions or 

20 other obstructions to the flow of blood through the implanted graft. 
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Postoperative monitoring of the gastrointestinal tract is important to 
avoid letting too much time elapse before blood loss into the intestine is 
detected. 

Similarly, it Is fmportant that the condition of a vascular graft be 
5 monitored, post-surgery, to detect the further buUd-up of stenotic lesions or 
other cAstRjctrons to the flow of blood through the implanted graft. 

Various catheterization procedures are known for assessing the flow 
characteristics of a blood vessel or blood vessel graft* However, the Introduction 
of catheters into the vascular system may result in damage to btood vessels. 
10 US 4,915.113 to Holman describes an implantable syst^ for 

monitoring blood flow through surgically implanted giafts. The system, which 
comprises Doppler crystal transducers, utilizes a subcutaneously Implanted 
electrical plug-type connector, accessible through an incision at the implant site, 
and electrical conductors to connect tenninafe on that plug to the Doppler 
^5 crystal transducers. 

Ultrasound echo Imaging is known for visualization and examination 
of a patient's heart However, methods of echocardiography do not always 
result in good quality images after cardiac surgery. 
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SUMWIARY OF THE INVENTION 

The present invention provides a system and nriethod for post surgery 
monitoring of surgical operations which provide camera or video images of the 
surgery site during the critical post surgery hours. The system and method of 
5 the invention enable an externa! operator to directly observe changes occurring 
at the surgery site, such that pathological post surgery occurrences, such as 
bleeding, can be detected at their onset and imn^ediately treated. 

The system and method of the Invention further provide post surgical 
monitoring of the gaslrofrttestinal tract utilizing any appropriate sensing device 
10 (pH meter, blood detector, imaging device etc.) with out having to leave an 
opening in the patient or cut the patient twice for retrieval of the monitoring 
system. 

The system of the invention comprises a housing having an optical 
window, said housing configured for being transiently immobilized in the vidnrty 
15 of a surgical site; at least one imaging device, such as a CCD or CMOS chip 
contained vwthin the housing; a transmitter which transmits the output of the 
imaging device; and a reception system for receiving the transmitted output. 

Another system according to the invention comprises a housing 
configured for being transiently immobilized In the vicinity of a surgical site in 
20 the gastrointestinal tract; at least one sensing device contained within the 
housing; a transmitter which transmits the output of the sensing device; and a 
reception system for receiving the transmitted output. 

The method of the Invention comprises the steps of transiently 
immobilizing an imaging device in the vicinity of a surgical site; 

3 
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Imaging the surgical stte; and nsceiving images of the surgical site 
externally to the surgical site. 

Another method accordtng to the invention for post surgical monitoring 
of a surgical site rn the gastrointestinal tract comprises the steps of transiently 
immcrfDilrang a sensing device in the vicinity of the surgical site; transmitting out 
put from the sensing device; and receiving the transmitted out put externally to 
the surgical site. 


4 

3571-USP 

PAGE 20/29 ' RCVD AT 5/25/2005 8:57:41 AM [Eastern Daylight fone] ' SVR:USPT0-EFXRF-1/2 ' DNIS:8729306 ' CSID: ' DURATION tmm-ss):07-06 


26. MAY. 2005 15:02 NO. 517 P. 

BRIEF DESCRIPTION OF THE FIGURES 

The present invention will be understood and appreciated more fully 
from the following detailed desGription taken in conjunction wrth the figures in 
which; 

5 Figure 1 ts a schematic illustration of the system in accordance with 

an embodiment of the invention; and 

Figure 2 Is a tangential section illustration of the systenr) in 
accordance with another embodiment of the Invenfion. 

10 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a system and method for post surgery 
monftorlng which provide information related to the surgical site during the 
critical post surgery hours. 

For post surgical monitoring of a surgical site aiong the 
• 15 gastrointestinal tract there ts provided a system which includes a sensing 
device, a transmitter which transmits the output of the sensing device, a 
reception system for receiving the transmftled output and a power source which 
provides power to the elements of the system. At least the sensing device is 
contained in a housing which is configured for being transiently immobilized in 
20 the vicinity of a surgical site (further described in the Figures) , 

The sensing device may be any device that is adapted for being 
placed In the \ncinity of a surgical s'rte along the gastrointestinal tract, that can 
sense environment conditions such as the presence of blood, pM, temperature, 
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electrical Impedance of tissues etc., and that can transmit (such as by radk)) 
output relating to changes in the environment condrtions. 

For post surgical monitoring of surgical sites not only along the 
gastrointestinal tract there is provided a system in v/hx^ the sensing de^rice Is 
5 an imaging system. The Imaging system typically includes at least one 
Illumination source such as a wliite LED (light emitting diode) and an imaging 
device such as a CCD or CMOS chip. The imaging system may further include 
an opfical system for imaging an area of interest onto the innaging system. The 
optical system may comprise mirrors and/or tenses for colllmating the light from 
"10 the illumination source. 

In accordance with this embodiment the reception system receives 
the transmitted video output and may fnciude a) an antenna array capable of 
surrounding a body for receiving the transmitted video output and for produdng 
a plurality of received signals and b) a demodulator capable of transforming the 
15 plurality of received video signals into a single video datastream. 

For example, a system which includes a camera system, a transmitter 
and a receiving system such as described in US 5,604,531, may be used ir* the 
present invention. US 5.604,531, which is assigned to the common assignee of 
the present invention, is hereby incorporated by reference. 
■ 20 The imaging system provides direct visual information of the surgical 

srte such that visibly detectable changes at the surgical site, such as bleeding, 
swelling etc. can be seen by an external operator The imaging system may 
further comprise a detector coupled to the imaging device which is optically 
changed in response to environment conditions. The optica! change in the 
26 detector is imaged and transmitted to alert an external operator of the changed 
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conditions. For example, the imaging system may comprise a pH meter which 
undergoes a color change In response to pH changes in rts vicinity. Also, the 
Imaging system may comprise a detector of chemical substances, such as 
blood components, which undergoes a change in color in response to the 
s presence of the chemical substances. In both cases a change In color will be 
detected by the imaging device and its image will be transmitted. 

The sensing device, such as an imaging system, may further be in 
communication with a processor for analyzing the data detected by rL For 
example, images of the surgical site may be transmitted to a processor where 

10 they are analyzed for the presence of blood (by detecting certain changes in 
color or by detecting red) and for the concentration of blood. The image may 
then be received by the external operator including addrtional information, 
generated by the processor, regarding the bleeding at the surgical site. Furtlier, 
the system may include means for alerting the external operator. The means 

15 for alerting the external operator are in communication vwth the processor 
Thus, when the presence of btood is detected by the processor a signal, such 
as a flashing light or an alarms may be activated to alert the external operator. 

The housmg is configured for being transiently immobilized in the 
vicinity of a sutgfcal site- Also, ft is necessary for a housing which includes an 

20 imaging system to have an optical window through which the surgical site can 
be Imaged. 

TTius, for post sungical monitoring according to the invention, an 
imaging device is transiently immobilized in the vicinity of the surgical site and 
the site is imaged. Typically, imaging of the site is aided by illumination. The 
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images are then transmitted and received extemalfy to the surgical sfte at a 
work station an external operator can monitor the surgical site. 

Two embodiments of the invention are illustrated in Figures 1 and 2. 
5 The housing illustrated In Figure 1 is a capsule 10 designed to passively 
^nsverse the gastrointestinal tract Capsule 10 comprises an optical window 
14 behind ^vhich are posrtfoned illumination sources 12 and an imaging device 
16- T?ie other part of the capsule 17 houses other elements of the system, such 
as a processor, the transmrtter and power source. Capsule 10 has two rings 13 

10 on Its perimeter, about equally distanced from each other. The rings 13 are frt 
Into depressions in the capsule 10 perimeter 50 that they do not protrude from 
capsule 10 perimeter and do not obstruct the capsule 10 passage through the 
gastrointestinal tract. Ring 13 arc used for sewing the capsule 10 to a desired 
location in the vicinity of a surgical site. 

15 Rgure 2 schematically illustrates a tangential section of capsule 20 

which similariy to capsule 10 comprises an optical window 24 behind which ar^ 
positioned Hlumlnation sources 22 and an imaging device 26. Other elements of 
the system, such as a processor, the transmitter and power source are housed 
in the other part of the capsule 27. Capsule 20 is ellipsoid shaped having an 

20 inderrtation 23 circling the entire capsule perimeter more or less around the 
capsule center. Indentation 23 fomns a groove suitable for accommodating the 
operating doctor's thread 25. The capsule 20 is thus fastened to the surgical 
site by thread 25 which sunrounds the capsule 20 and which is anchored into 
the patient's body. 
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Typically, the thread used for suturing the capsule 10 or 20 to a 
surgical stte in the gastrointestinal tract is thread \which \n\\\ disintegrate with 
time. Thus, a doctor performing an operation in the gastrointestinal tract can 
activate the system (initfeite imaging) in capsule 10 or 20 and sew in the 
5 capsule 10 or 20 at the operation site !n the gastrointestinal tract prior to dosing 
the surgical incision. The imaging, which may be continuos or periodical, can 
last up to 24 hours whidi is the critical post surgical period. During this tirrie 
the surgical site will be imaged and the images wiit be transmitted to the 
receiving system, such as an exfemaf workstation where the images wll be 
10 monitored by an extemal operator. At some point in time, either during the 
imaging process or after its termination, the sutures sewn through rings 13, or 
around capsule 20 in Indentation 23, whicdi have been immobilizing the capsule 
to the surgical site, will disintegrate and capsule 10 or 20 will be released into 
the gastnointestinal trad. The capsule 10 or 20 will be free to travel through the 
15 tract driven by peristalsis and will be naturally excn^ed from the body. 

The system and method of the invention thus enable post surgical 
monitoring in the gastrointestinal tract wfth out having to leave an opening in the 
patienfs body or having to cut the patient a second time in order to retrieve the 
monitoring system, 

20 In other embodiments a housing comprising an imaging system may 

be designed for other surgical srtes than the gastrointestinal tract, such as the 
tungs or blood vessels. In these embodiments a housing which comprises an 
optical window may comprise a clip for attaching onto a sHe of interest at the 
time of surgery and for being removed, for example, through an incision or 

25 through a transthoracic or transesc^hageal opening. 
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It will be appreciated by persons skilled In the art that the present 
tnventiDn is not limited by v^at has been particularly shown and described 
herein above. Rather the scope of the invention is defined by the claims which 
follow: 


to 

3571-USP 

PAGE 2»29 ' RCVD AT 5/2512005 8:57:41 AlVI [Eastem Daylight Time] * SVR:USPT0-EF](RF-1I2 * DNIS:8729306 * CSID: ' DURATION (mm-ss):07-06 


26. MAY. 2005 15:03 


NO. 517 P. 


CLAIWIS 

1 . A system for post surgery monitoring comprising 

a housing having an optical window, said housing configured for 
being transiently immobilized In the vicinity of a surgical site; 

6 at least one imaging device contained within the housing; 

a transmitter which transmits the output of the imaging device; 
and 

a reception system for receiving the transmitted output 

2. A system according to claim 1 wherein the housing is configured for 
10 being sewn to the vicinity of a surgical site. 

3. A system according to claim 1 wherein the imaging device is a CCD or 

CMOS chip. 

4. A system for post surgery monitoring in the gastrointestinal tract 
comprising 

15 a housing configured for being transiently immobilized in the 

vicinity of a surgical site in the gastrointestinal tract; 

at least one sensing device contained within the housing; 

a transmitter which transmits the output of the sensing device; 
and 

20 a reception system for receiving the transmitted output 

5. A method for post surgical monitoring comprising the steps of 

11 

3571-USP 

PAGE 27/29 * RCVD AT 5/25/2005 8:57:41 AM [Eastern Daylight Timel * SVR:USPT0-EFXRF-1/2 « DNIS:8729306 * CSID: * DURATION (mm-ss):07-06 


26. MAY. 2005 15:03 . . NO. 517 P. 28 

transiently immobilizing an imaging device in tlie vicinity of a 
surgical site; 

irmging the surgical site; and 

receiving images of the surgical site externally to the surgical 
5 Site. 

6. A method for post surgical monitoring of a surgical site in the 
gastrointestinal tract comprising the steps of 

transiently immobiliang a sensing device in the vicinity of the 
surgical site; 

10 transmitting out put from the sensing device; 

receiving the transmitted out put externally to the surgical 
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